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ABSTRACT 



Although there hare been numerous experiments Involving 
the use of metabolio equipment for measuring energy expendi- 
ture during the performance of a simple task, none of these 
have been conducted over a prolonged continuous period. 

This thesis involved taking three simple tasks and finding 
the effect on energy expenditure of performing these tasks 
for sixty-four minutes without interruption. The tasks used 
were* 

1. A seventeen inch transfer of small steel balls at a 
tempo of 96 one way beats per minute of a metronome. 

2. A twenty-five inch motion for eaoh arm between two 
points at a tempo of 160 one way beats per minute of 
a metronome. 

3. Pedaling a bicycle, with chain disconnected, at a 
tempo of 138 one way beats per minute of a metro- 
nome. 

The results of this thesis indicate that the energy 
expenditure appears to rise rapidly at the beginning of the 
simple task and does not change significantly for at least a 
period of time of sixty-four minutes. 
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DMEHMIMaTION of the effect of performing a simple task oyer 
A PROLONGED PERIOD ON THE RATE OF ENERGY EXPENDITURE 

INTRODUCTION AND PURPOSE 

Tills is another in the aeries of theses conducted in 
the Metabolic Laboratory of Purdue University and employing 
the use of the Sanborn EIS Metabolism Tester. During the 
years since 1907 there have been many experiments conducted 
involving the measurement of energy expenditure by use of 
metabolic studies of various tasks, but none of these studies 
have been conducted for a prolonged continuous period. This 
thesis is undertaken to determine just what effeot a pro- 
longed period of performance of a simple task will have on 
energy expenditure. A bi-produot of the research will be a 
statement of the length of time, up to the time limit used, 
that eaoh of the simple tasks employed oan be accomplished 
before a significant ohange in energy expenditure is noted. 
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PROCEDURE 



Due to the length of time required to test each student 
and the number of theses being conducted on the metabolic 
equipment at the time of this study, It was decided to limit 
the testing to nine male students. These students were 
seleoted at random from motion and time study olasses at 
Purdue University. No attempt was made to select students 
of the same age, height or weight, as can be seen in Table 1. 

Tho limitations explained in the previous paragraph are 
also the reasons that the time of testing was not limited to 
the early morning period. To eliminate the possibility of 
the order of tests having an effect on the results, the tests 
were conducted in accordance with Table 2. Only one test per 
student was conducted on any particular day. 

Prior to each test the student to be tested was allowed 
to become familiar with the procedure in performing the task. 
On the day a particular test was to be performed the student 
oame to the laboratory and spent the first thirty minutes 
resting in a reclined position. Just prior to the end of 
the thirty minute rest period the student got into position 
for the test to be performed; the nose clamp was adjusted 
and the mouthpiece ehield inserted. With the beginning of 
the test as "zero" time, the following sohedule was adhered 
to for all the tests: 
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TABLk 1 



STUDENT aQui 

1 32 

2 29 

3 £9 

4 23 

3 £4 

6 £1 

? £4 

5 £9 

£1 
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TABLE 2 

SEQUENCE Of TESTS 



1st 

TEST 

1 

3 

1 

3 

2 

2 

1 

5 

2 



2nd 

TEST 

2 

1 

3 

2 

1 

3 

2 

2 

1 



3rd 

TEST 

3 

2 

2 

1 

3 

1 

3 

1 

3 
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Time Elapsed Time 

00- 01 1 minute 

01- 05 4 minutes 



05-10 

10-14 

14-20 

20-24 

24-50 

30-34 

34-40 

40-44 

44-50 

50-54 

54-60 

60-64 



5 minutes 
4 minutes 

6 minutes 
4 minutes 
6 minutes 
4 minutes 
6 minutes 
4 minutes 
6 minutes 
4 minutes 
6 minutes 
4 minutes 



Action 

Operator breathed room air while 
performing task. 

Without knowledge of the operator, 
the metabolic equipment was turned 
on and a record run was made. 



Same as 00-01 minutes. 

Same as 01-05 minutes. 

Same as 00-01 minutes. 

Same as 01-05 minutes. 

Same as 00-01 minutes. 

Same as 01-05 minutes. 

Same as 00-01 minutes. 

Same as 01-05 minutes. 

Same as 00-01 minutes. 

Same as 01-05 minutes. 

Same as 00-01 minutes. 

Same as 01-05 minutes. 

Test 1 consisted of a seventeen inch transfer, by the 
right hand, of small steel balls at a tempo of 96 one way 
beats per minute of a metronome. This task was rated at 
110 percent of standard pace by comparison with a multi- 
image step film.^ It is the exact task used by J. A. Marks 

1 Mundel. M. E. , Motion and Time Study Principles and 
Practice. Prentice-Hall Inc., Mew York, 1950, p. 324. 



and W. D. Surface in their work.^ See Figure 1. 
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e Marks, J. A., The Effect of Praia# and Reprimand on Workers' 
Energy Expenditure, Master of Science Thesis, Purdue 
University, Lafayette, Indiana, 1951* 

Surface, W. D. , The Effect of Musio on the Metabolic Rate 
of Workers, Master of Scienoe Thesis, Purdue University, 
Lafayette, Indiana,, 1951, 

Test £ consisted of a twenty-five inch motion for eaoh 

arm between points on the table edge at a tempo of 160 one 

way beats per minute of a metronome* This task was rated at 

155 percent of standard pace* This task is similiar to one 

of the tasks used by S* Tilles in his work* 3 See Figure £• 

3 Tilles, S. , An Investigation of the Suitability of the 
Sanborn IIS Metabolism Tester to Basic Time Study Experi- 
mentation, Master of Science Thesis, Purdue University, 
Lafayette. Indiana, 1949* 

Test 3 consisted of pedaling a bioycle, with the chain 
to the back wheel disconnected, at a tempo of 138 one way 
beats per minute of a metronome* This task was rated at 
120 percent of standard pace* See Figure 3* 
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RESULTS AND CONCLUSION 



The method of least squares was used to caloulate the 
slopes of the oharts obtained from the metabolic tester* 
Tables 5 to 11 contain the results for the various students. 
Tables IS to 17 present the Information for all students for 
eaoh test, and also Include the values of "t" obtained by the 
Student "t" technique of statistical analysis. Appendix A 
shows an example of how these "t” values were calculated. 

The Student n t" technique Indicated that for each of the thra 
tests there was no significant difference, at the five per- 
cent level, between the base reading for the test and the 
readings taken at any other time during the test. In the 
analysis, all the values obtained for student 6 were omitted 
as that student was a controlled breather and his charts did 
not have sufficient points to give a consistent value. The 
information for student 7, test 2, was also eliminated due to 
the faot that the nose clamp became loose during the base run 
«tnd caused the obviously false readings. 

The conclusion arrived at is that for a relatively 
simple task slmiliar to those used In this thesis the energy 
expenditure rises rapidly during the first minute of perform- 
ing the task and does not change significantly for at least 
sixty-four minutes. Since all the previous experiments In 
the Purdue Metabolio Laboratory have been based on the faot 
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that the energy expenditure did remain constant, this thesis 
helps to verify that faot. It also points out that rest 
periods need not be used once the task has commenced if all 
readings can be obtained in a one hour period. 
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TABLE 3 



STUDENT NUMBER 1 
TEST TIMS (MIN) 



TEMP. SLOPE * OF 01-05 MIN. 
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STUDENT NUMBER 2 
TEST TIME (MIR) 



TEMP. 



SfeOfll * 0? 01-05 MIN. 
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TABLE 5 



STUDENT NUMBER 3 



TftST 


TIME (MIN) 


TEMP, 
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TABLE 6 



STUDENT NUMBER 4 
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TIME (MIN) 
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TABLE 7 



STUDENT NUMBER 5 



TEST TIME (MIN) TEMP. 
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STULr^T NUMBER 6 
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TIME (MIN) 
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STUDENT NUMBER 7 



TEST 


TIME (MIN) 


TEMP. 


SLOPE 


* OF 01-05 M 
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STUDENT NUMBER 8 
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TIME (MIN) 
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ft OF 01-05 M. 
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TABUS 15 

RECAPITULATION 07 PERCENTAGES TOR TEST 1 
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TABLE 16 

RECAPITULATION of percentages for test e 
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recapitulation or percentages for test s 
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